Abstract. On the basis of the authors' compiled catalog containing spectroscopic abundances of 14 chemical elements for 90 open star clusters of the Galaxy, we show that in the young clusters not only barium but also three other studied elements of slow neutron-capture, Y, La, and Ce, reveal higher relative abundances than those in the field stars, with differences beyond the error limits. We also find that, at high metallicity ([Fe/H]> −0.1), the relative abundances of the r-process element Eu in the clusters with eccentric, high Z max orbits are lower, and the relative abundances of primary α-elements O and Mg are higher, than the average values for the field giants. At the same time, at lower metallicity, the [Eu/Fe] ratios in the clusters are, on average, the same as in the field, but with a much larger dispersion, and the [O, Mg/Fe] ratios are lower than in the field giants. Taking into account that both α-elements and r-elements are ejected into the interstellar medium as a result of Type II supernova explosions, and that their yields are dependent on the pre-supernova mass, these properties naturally fit into the assumption that the clusters of different metallicity with eccentric, high Z max orbits are formed by interaction of two types of highvelocity clouds with the interstellar medium of the Galactic disk. On the one hand, these are low-metallicity high-velocity clouds formed from the "primary" gas; on the other hand, there are more metal-rich intermediate-velocity clouds generated in the Galactic "fountain" process.
INTRODUCTION
Studies of the chemical composition of open star clusters are of interest because there are clusters with orbits abnormally elongated and highly raised above the Galactic plane, which are more typical of older subsystems of the Galaxy. According to Gozha et al. (2012a,b) , it is convenient to subdivide clusters by their orbital parameter, (Z 2 max + 4 e 2 ) 1/2 , at its value of 0.35 (in this study, we use a different model of the Galaxy to calculate orbital elements, therefore the border line moved to 0.40). Here e is the eccentricity of the Galactic orbit, and Z max is the maximum distance of the orbit points from the Galactic plane in kiloparsecs. We call the clusters with low orbital parameters "Galactic" and those with high orbital parameters, "peculiar". To explain the differences in the properties, it has been suggested that the population of open clusters is not homogeneous and that there are clusters which had been partially formed of the interstellar matter falling from external volumes of the Galaxy (see, for instance, Vande Putte et al. 2010) . It can be expected that the chemical composition of such clusters differs from that of the field stars of the thin disk.
Some studies show that the chemical composition in open clusters and field stars is really different. Thus, D 'Orazi et al. (2009) and Maiorca et al. (2011) examined the chemical composition of stars in two dozens of clusters and found that their relative abundances of slow neutron-capture elements, [s/Fe] , increased with decreasing age, unlike in the field stars. This result was confirmed by Mishenina et al. (2013 Mishenina et al. ( , 2015 , who found in several young open clusters considerable excesses of the relative abundances of barium compared to field stars, while excesses of the relative abundances of two other s-elements, yttrium and lanthanum, were not detected. However, it turned out that not only the clusters, but also young field stars -Cepheids -have excesses of the relative abundances of s-elements (Marsakov et al. 2013) . In Cepheids, the relative abundances of barium also demonstrate the largest excesses. Comparative studies of the relative abundances of several α-elements in the clusters with different spatial-kinematic parameters and in the field stars were performed several times, but no significant systematic differences were found (see, for example, Jacobson et al. 2011; Carraro & Bensby 2009 ). Unfortunately, the cluster samples in all these studies were too small for a statistically significant detection of systematic differences, which are unlikely to exceed the uncertainties of elemental abundance determinations in individual clusters. However, Marsakov et al. (2015) demonstrated, for a considerably larger number of clusters, that the relative abundances of α-elements in the clusters with eccentric, high Z max orbits and in the field stars of the thin Galactic disk reveal differing dependences not only on metallicity, but also on age, Galactocentric distance, and the distance from the Galactic plane. The observed differences confirmed the assumption of a different nature of the open clusters with eccentric, high Z max orbits and the field stars of the thin disk. At the same time, the conclusion by Vande Putte et al. (2010) that some clusters had been formed from the impact of high-velocity clouds on the interstellar matter of the thin Galactic disk was supported in the cited paper, and it was assumed that metal-rich clusters with eccentric, high Z max orbits were formed by infall of secondary, more metal-rich, high-velocity clouds which had originated in the Galactic "fountain".
In the present paper, we continue our comparative analysis of the properties of the relative elemental abundances in the open clusters and in the field stars of the thin Galactic disk, as well as among different groups within the cluster population. Specifically, we will consider the abundance patterns of α-elements and the elements of rapid and slow neutron-capture.
INITIAL DATA
To perform our study, we used version 3.4 (May 2014) of the Dias et al. (2002) catalog and calculated the elements of Galactic orbits in the Gardner & Flynn (2010) galactic model from distances, proper motions, and radial velocities listed in the catalog for 500 clusters. We found metallicities for 346 clusters; meanwhile, [Fe/H] values were determined spectroscopically for 188 clusters. We appended these data with relative abundances of chemical elements produced in different processes of nuclear synthesis, which were obtained from high-resolution spectra.
In particular, these are four α-elements (O, Mg, Si, and Ca), four elements of slow neutron-capture (Y, Ba, La, and Ce), and one element of rapid neutroncapture (Eu). We calculated weighted averages for the clusters with more than one determination of abundance of each of the studied chemical elements (for more detail, see Gozha et al. 2016 ). Our analysis shows that the [el/Fe] ratios found by different authors are in reasonable agreement, with the dispersion of the determinations σ[el/Fe]= (0.07 − 0.12) dex. We considered the catalog of abundances of the same elements in 171 field red giants of the Galactic thin disk (Mishenina et al. 2006 (Mishenina et al. , 2007 for comparison. For the giants, we calculated ages from masses given in original papers, under the assumption that
−3 , where t ⊙ = 10 Gyr, as well as the elements of their Galactic orbits. For more information about the parameters of comparison stars, see Marsakov et al. (2013 Marsakov et al. ( , 2015 .
RELATIVE ABUNDANCES OF SLOW NEUTRON-CAPTURE ELEMENTS
According to theoretical calculations, the bulk of slow neutron-capture elements is produced in the shells of asymptotic giant branch stars with masses M < 4M ⊙ , and then ejected into the interstellar medium. The peak of the yield of these elements is formed at [Fe/H]≈ −0.2, whereas above this value the [s/Fe] ratio decreases with increasing metallicity. As s-elements are synthesized in stars of the same masses as Type Ia supernovae, which eject mainly iron group atoms, they enrich the interstellar medium practically at the same time. Therefore, the change in relative abundances of slow neutron-capture elements, [s/Fe], with increasing metallicity in the star-gas system must be caused exclusively by properties of the stars that produce them. (Fig. 1d) show a very small dispersion, forming a narrow sequence. The slopes of the relations for the clusters and the field stars are the same within uncertainties, the excess being ∆⟨[Ce/Fe]⟩ = 0.21 ± 0.03. It appears that the average relative abundances of all slow neutron-capture elements at any metallicity are higher, beyond the error limits, for the cluster stars than for the field giants.
In Fig. 1 , the "peculiar" clusters are plotted as filled circles, while the "Galac- tic" clusters are represented by circled dots. We see that the behavior of the relative abundances of slow neutron-capture elements in all four panels of the figure does not show any significant differences between the groups of clusters. The dispersions of [s/Fe] are equally large for both cluster groups, and their excesses compared to those of the field stars are, on average, similarly large.
In Fig. 2a-d , the dependence of the relative abundances of slow neutron-capture elements on age is quite different for the clusters and for the field giants. As for the giants, we are able to calculate only the lower age limit from their masses, given to the first decimal place in the primary source; the diagram constructed using these values is discrete and consisting of nine age ranges. these nine age points for the field giants and with smoothed curves based on sliding averages for the open clusters. In all panels of Fig. 2 , there are significant excesses of the ⟨[el/Fe]⟩ ratios in the clusters with respect to the field giants (the smallest excess is that for yttrium). All correlations for the field giants proved to be insignificant, but it can be seen that all the [el/Fe] ratios (except [Ba/Fe]) generally increase somewhat with age. For the clusters, in contrast, significant anticorrelations are observed for the relative abundances of yttrium and cerium. Barium and lanthanum in the clusters also show weak decreasing trends, but the correlations for these elements are insignificant. (Regression lines in the panels are not plotted to avoid crowding in the figure.) In the younger clusters, all selements show the [s/Fe] ratio rather higher than solar, but at greater ages all these ratios are closer to the solar ones (they are even less than solar for yttrium and cerium). However, for the younger field giants the mean relative abundances of s-elements, except barium, are lower than solar, being beyond the error limits of average values, whereas at greater ages they are, within the errors, solar. The average ⟨[Ba/Fe]⟩ ratios for the field giants of any age are equal to zero, within the uncertainties of the averages.
Note that Mishenina et al. (2015) found no difference in the relative abun-dances of yttrium and lanthanum in the clusters and in the field stars. However, we find that the yttrium abundances averaged over thirty- Thus, there are differences in the averages far beyond the error limits, and, therefore, they are statistically significant and cannot be neglected. We see that not only barium, but also three other studied slow neutron-capture elements in the young open clusters demonstrate higher relative abundances, beyond the error limits, than the field stars of the same age.
RELATIVE ABUNDANCES OF ALPHA-AND RAPID NEUTRON CAPTURE ELEMENTS
According to modern concepts, the synthesis of the bulk of rapid neutroncapture element atoms takes place directly during Type II supernova explosions for star masses 8 < M/M ⊙ < 10. A certain number of atoms of iron-peak elements are also formed during Type II supernova events. However, the bulk of iron-group elements is produced in explosions of Type Ia supernovae, which are the final evolutionary stage of close binary stars with masses < 8 M ⊙ . The relative [r/Fe] abundances in the next generation of stars should decrease with increasing metallicity because of the difference in time of the evolution of these supernovae. Since, as it is shown in Marsakov et al. (2011 Marsakov et al. ( , 2015 , the total abundance of heavy elements in the Galactic thin disk was monotonously increasing during approximately the recent 5 Gyr, i.e. metallicity is a statistical indicator of age, it is possible to expect the relative [r/Fe] abundances to decrease with increasing metallicity in the field stars of this subsystem. Moreover, this decrease has to be the same as the [α/Fe] decrease because both types of elements are produced in Type II supernovae. The dependence of the relative abundance of europium, a rapid neutron-capture element, on metallicity is shown in Fig. 3a . The [Eu/Fe] ratios, in contrast to those of the s-elements for the clusters of different groups, behave differently in Fig. 3a . We see that the "Galactic" clusters are mainly in the band occupied by the field stars. It is noteworthy that the [Eu/Fe] ratios at [Fe/H]> −0.1 for all "peculiar" clusters are below the regression line for the field stars (which is the middle line for these stars). The metal-poor clusters, which mainly belong to the "peculiar" group, occupy a symmetrically wider range in [Eu/Fe] than do the field stars. In addition, some clusters show very low [Eu/Fe] ratios, while others show very high [Eu/Fe] , uncharacteristic of the field stars. As a result, the direct regression line plotted in the diagram for the clusters with eccentric, high Z max orbits has a significantly larger negative slope than that for the field stars.
On the other hand, we showed in our previous paper (Marsakov et al. 2015 ) that the relative abundances averaged over four α-elements (O, Mg, Si, and Ca) decreased with increasing metallicity significantly slower for the clusters than for the field stars. This is despite the fact that both r-elements and α-elements are produced in Type II supernovae. Recall that, according to modern concepts, primary α-elements (O, Mg) are produced almost exclusively in massive progenitors of Type II supernovae, whereas a certain number of atoms of secondary α-elements (Si, Ca) are also synthesized in lower-mass Type Ia supernovae. The [Fe/H] vs. [O, Mg/Fe] diagram is presented in Fig. 3b . We see that the regression slope for primary α-elements in the clusters with eccentric, high Z max orbits turns out to be even lower, and the difference in slope for such clusters and the field giants is even greater. Therefore, it is more correct to speak about different behavior only of the abundances of primary α-elements in the clusters with eccentric, high Z max orbits and in the field stars. In particular, primary α-elements in the clusters with metallicities lower than the solar one usually exhibit lower [O, Mg/Fe] ratios than those in the thin-disk field giants. However, the abundances of primary α-elements in most of higher-metallicity clusters are higher than in the field giants of the same metallicity. Our study shows that the metallicity distribution of the clusters with eccentric, high Z max orbits is bimodal, and it can be divided by a gap near [Fe/H] ≈ −0.1 into two groups; this is a powerful argument in favor of the heterogeneity of such clusters.
Note that the primary α-elements are produced in stars with masses greater than 10 M ⊙ , while r-elements originate in stars of lower masses, therefore the [O, Mg/Eu] ratios in subsequent generations of stars are a measure of the mass of supernovae that enriched them. The ratio of primary to secondary α-elements is also a similar indicator. The dependences of these indicators on metallicity are shown in Fig. 3c,d . Both diagrams show that almost all metal-rich clusters ([Fe/H]> −0.1) lie above the midline for the field stars of similar metallicity, while metal-poorer clusters lie slightly lower. However, the dispersions of both indicators for metal-poor clusters are very large.
Thus, on the one hand, the relative abundances of primary α-elements and the rapid neutron-capture element Eu in the open star clusters with eccentric, high Z max orbits and in the field stars show differing dependences on metallicity. Here, the assumption made earlier on the basis of analysis of kinematics and metallicity of open clusters about their nature different from the field stars of the thin Galactic disk is confirmed. On the other hand, the conclusion that some part of the open-cluster population was formed under the influence of high-velocity clouds on the interstellar matter of the thin Galactic disk is also confirmed. In particular, low relative abundances of primary α-elements and rather high abundances of the rapid neutron-capture element in most of the metal-poor ([Fe/H]< −0.1) clusters with eccentric, high Z max orbits indicate that high-velocity clouds that triggered their birth are formed from interstellar matter where the Type II supernova masses were, as a rule, lower than near the Galactic plane. However, the large dispersion of [O, Mg/Eu] and [O, Mg/Si, Ca] ratios for metal-poor clusters indicates that higher-mass Type II supernovae also exploded there, and the matter was poorly mixed. However, the formation of metal-rich ([Fe/H]> −0.1) clusters with eccentric, high Z max orbits was most likely caused by high-velocity clouds with intermediate velocities, which were formed from returning gas in the process of the Galactic "fountain". Such clouds could have been formed from interstellar matter of the thin disk as a result of explosions of very massive Type II supernovae.
More details about our studies of the chemical composition of open clusters can be found in Marsakov et al. (2016a,b) .
